The regeneration of many climax species in tropical forest critically depends on adequate seed 13 dispersal and seedling establishment. Here we report the decreased abundance and increased 14 spatial aggregation of younger trees of the Borneo ironwood (Eusideroxylon zwageri) in a 15 protected forest in Sabah Malaysia. We observed a high level of seedling herbivory with strong 16 density dependence, likely exacerbated by local aggregation and contributing to the 17 progressively shrinking size-distribution. We also note the largely undocumented selective 18 herbivory by sambar deer on E. zwageri seedlings. This study highlights the combined impact of 19 altered megafauna community on a tree population through interlinked ecological processes 20 and the need for targeted conservation intervention for this iconic tropical tree species. 21 22 Keywords 23 2 Seedling survival, neighborhood density, dispersal limitation, spatial clustering, threatened 24 species, wildings 25
INTRODUCTION

26
The loss of megafauna due to climate change, habitat alteration and hunting has a strong 27 impact on plants that are dependent on large-bodied animals for seed dispersal, and this effect 28 is particularly strong in tropical forests (Corlett 2010 
41
Despite being long-living (>1000 years), due to over-exploitation (Peluso 1992 ) and slow natural 42 regeneration (typically requires >100 years to reach 30 cm diameter) (Irawan 2005 ), E. zwageri 43 has become scarce across its distributional range and is classified as Vulnerable in the IUCN Red 44 List (1998) . The species produces large drupaceous fruits that measure 10-18 cm x 5-10 cm, 45 and contain a single large seed, measuring 7-15 cm x 4-7 cm, with a very hard seed coat (Irawan 46 2005) . Water dispersal for the heavy seeds of E. zwageri is possible but limited as the species 4 often occur away from rivers (Irawan 2005) . The large fruit with edible fleshy mesocarp and nut 48 are strong indications that E. zwageri is dispersed by animals, although evidence of this is 49 anecdotal and mainly refers to porcupines (Kostermans et al. 1994 , Phillipps & Phillipps 2016 .
50
Only megafauna (>44 kg in body mass) would be capable of long-distance dispersal of these 51 large seeds (Galetti et al. 2017 ). It has been speculated that E. zwageri seeds were dispersed by 
RESULTS
104
We recorded 90 E. zwageri trees (DBH ≥ 1 cm) in the 4 ha plot, among which 80 were adult 105 trees (DBH ≥ 10 cm). As predicted from the reduced regeneration hypothesis the adult tree size 106 distribution had a unimodal shape peaking at the 70 cm class (median) and decreasing towards 107 smaller classes (Fig. 1a ). All adult trees were aggregated at the 0-10m scale (Ωx > 1), and the 108 degree of aggregation was significantly higher in the younger sub-population, consistent with 109 the expectation of increased dispersal limitation over time (Fig 1b) .
7
A total of 495 E. zwageri seedlings were recorded in 197 of the 540 5 by 5 m subplots surveyed, 111 with an overall mean density of 367 seedlings ha -1 . Nearly all appeared to be less than one year 112 old and resulting from the fruiting event in January 2017. Among these, 53.3% had fatal 113 herbivory damage, already dead or highly unlikely to survive. The proportion of fatal herbivory 114 damage increased rapidly with conspecific seedling density at subplot level (p < 0.001), 115 predicted to reach 0.97 at 1 seedling m -2 (Fig. 2) . Fatal herbivory was not significantly associated 116 with vegetation cover (p = 0.09). 
